In a recent meta-analysis of randomized clinical trials, femoropopliteal artery revascularization with paclitaxel drug-coated devices was associated with increased long-term all-cause mortality compared with non-drug-coated devices. However, to our knowledge, these findings have not been replicated in other data sources and may be subject to confounding from missing data associated with patient withdrawal and loss to follow-up.
I n a recent meta-analysis of randomized clinical trials, 1 paclitaxel drug-coated devices (drug-eluting stent [DES] and drug-coated balloon [DCB] ) that are used for lower extremity peripheral artery revascularization were associated with decreased long-term survival compared with non-drug-coated devices (bare metal stent [BMS] and uncoated percutaneous transluminal angioplasty balloon [PTA] ). These findings have culminated in the pausing of ongoing randomized trials, 2 an expedited safety review by US and UK regulatory authorities, and a cautionary message to treating physicians from the US Food and Drug Administration. 3 However, to our knowledge, the meta-analysis of summary-level results has not been replicated in other data sources. Furthermore, this study did not use survival analysis methods to account for patient withdrawal and loss to follow-up, 4,5 which may be relevant as many of the included trials were not designed for long-term monitoring.
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Methods
Data Source, Study Population, and Study Outcome
Using data of all hospitalizations among Centers for Medicare and Medicaid Services (CMS) fee-for-service beneficiaries from the Medicare Provider Analysis and Review (MedPAR) files from January 1, 2016, through December 31, 2016, we identified patients with admissions that were associated with an International Classification of Diseases, 10th Revision, Procedure Coding System (ICD-10-PCS) code for femoropopliteal artery revascularization with a DES, BMS, DES with DCB, BMS with DCB, DCB alone, or PTA alone (eTable 1 in the Supplement). For patients who underwent multiple revascularization procedures during the same index hospitalization, patients were included in the non-drug-coated device treatment group only if they did not receive treatment with any drugcoated devices. For patients with repeated admissions for femoropopliteal artery revascularization within the study period, only the first admission was selected. The primary outcome was all-cause mortality, which was analyzed through September 30, 2017. The study was approved by the institutional review board of Beth Israel Deaconess Medical Center, with a waiver of informed consent for retrospective data analysis.
Patient, Procedure, and Hospital Characteristics
Baseline covariates were ascertained using index diagnosis codes, as defined in eTable 2 in the Supplement, that were coded as "present on admission" as well as diagnosis codes from all hospitalizations within the 3 months preceding the date of admission for the index hospitalization for each patient (from October 1, 2015 , to October 1, 2016 . Comorbidities were determined using CMS hierarchical conditions as well as additional diagnosis codes for tobacco use and critical limb ischemia (eTable 2 in the Supplement). Procedure characteristics were identified using ICD-10-PCS codes (eTable 1 in the Supplement). Race/ethnicity was reported as collected and classified by the CMS MedPAR files. Hospital characteristics included hospital teaching status, region, bed capacity, and femoropopliteal artery revascularization procedure volume in 2016.
Statistical Analysis
Categorical variables were reported as counts and percentages, and continuous variables as means with standard deviations or medians with interquartile ranges (IQRs). Betweengroup differences were assessed using χ 2 tests for categorical variables and t tests or Wilcoxon rank sum tests for continuous variables. Kaplan-Meier methods were used to estimate long-term survival between devices and log-rank tests were used to evaluate for differences between groups. A multivariable Cox proportional hazards regression model was used to calculate hazard ratios (HRs) and the model adjusted for age, sex, comorbidities ( Table 1) , atherectomy use, and hospital characteristics ( Table 2 ). In addition, to account for hospitallevel variation in drug-coated device use, the model was adjusted for each hospital's ratio of drug-coated to non-drugcoated device use for 2016. Analyses were stratified by treatment with a balloon only (DCB vs PTA) or stent (DES with or without DCB vs BMS). In addition, stratified results were reported for patients with or without critical limb ischemia. P< .05 was considered significant. Statistical analyses were performed using Stata, version 15.0 (Stata Corp). 
Results

Baseline Characteristics
Key Points
Question What is the safety of drug-coated devices vs non-drug-coated devices for femoropopliteal artery revascularization?
Findings In this cohort study of 16 560 Centers for Medicare and Medicaid Services beneficiaries who underwent femoropopliteal artery revascularization, the cumulative incidence of all-cause mortality was lower among those who were treated with drug-coated devices vs non-drug-coated devices through 600 days (32.5% vs 34.3%, respectively; log-rank P = .007). After multivariable adjustment, there was no association between drug-coated devices and mortality.
Meaning Among Centers for Medicare and Medicaid Services patients, we found no signal of increased all-cause mortality following femoropopliteal artery revascularization with drug-coated devices.
drug-coated devices; P < .01). Otherwise, there was no significant difference in baseline rates of cardiovascular disorders and risk factors, including critical limb ischemia and tobacco use, between groups. Hospital characteristics varied between patients who were treated with drug-coated and non-drug-coated devices. Patients treated with drug-coated devices were more often cared for at hospitals located in the Northeast and Midwest and at institutions with greater bed capacities, teaching affiliations, and larger femoropopliteal artery revascularization procedure volumes (Table 2) .
Survival by Device Type After Femoropopliteal Artery Revascularization
After femoropopliteal artery revascularization, the median follow-up was 389 days (IQR, . Among all patients, treatment with drug-coated devices was associated with a lower cumulative incidence of all-cause mortality compared with treatment with non-drug-coated devices through 600 days postprocedure (32.5% vs 34.3%, respectively; logrank P = .007; Figure 1A ). When stratified by the type of device used for revascularization, similar survival trends were observed for patients who were treated with drug-coated vs non-drug-coated balloon angioplasty (log-rank P = .06; Figure 1B ), and DES vs BMS (log-rank P = .56; Figure 1C ). Among patients with critical limb ischemia, revascularization with drug-coated devices was also associated with a lower cumulative incidence of mortality through 600 days postprocedure (38.1% vs 40.1% for non-drug-coated devices; log-rank P = .04; Figure 2A ), with no difference in survival trends observed between device types ( Figure 2B and C). For patients without critical limb ischemia, there was no statistical differ- Research Original Investigation Association of Survival With Femoropopliteal Artery Revascularization With Drug-Coated Devices ence in the cumulative incidence of survival between drugcoated and non-drug-coated device treatment (26.5% vs 29.0%, respectively; log-rank P = .07; Figure 3 ). After multivariable adjustment, there was no association between drug-coated devices and all-cause mortality (adjusted HR, 0.97; 95% CI, 0.91-1.04; P = .43). In addition, there was no difference in the adjusted mortality risk following treatment with DCBs alone (adjusted HR, 0.94; 95% CI, 0.86-1.03; P = .17) or DES with or without DCB (adjusted HR, 0.97; 95% CI, 0.89-1.06; P = .48). Similar findings were observed among those with critical limb ischemia (adjusted HR, 0.93; 95% CI, 0.85-1.01; P = .09) and those without critical limb ischemia (adjusted HR, 0.94; 95% CI, 0.85-1.03; P = .20).
Discussion
In this analysis of more than 16 000 CMS beneficiaries who were admitted for femoropopliteal artery revascularization, we found no evidence of reduced survival following treatment with drug-coated devices compared with non-drug-coated devices through a median of 389 days of follow-up (IQR, . This finding was consistent among patients who were treated with either balloon angioplasty alone or with stenting and the presence or absence of critical limb ischemia. Furthermore, our findings persisted after adjustment for patient, procedure, and hospital characteristics.
Drug-coated devices have become a mainstay for treating lower extremity peripheral artery disease, with more than 40% of lesions treated with either a DCB or DES since 2016. 10, 11 In particular, DCBs have demonstrated improved long-term patency compared with PTA 6,7,12,13 and have been recommended as an initial strategy for above-the-knee revascularization.
14 Recently, a meta-analysis of randomized clinical trials has raised concerns regarding the safety of paclitaxel drugcoated devices in the periphery. 1 This meta-analysis found that all-cause mortality rates at 2 and 5 years were greater among patients treated with these devices. However, the referenced meta-analysis has limitations that mitigate its implication. Mortality rates were estimated using the trial enrollment population, which fails to account for patient withdrawal and loss to follow-up. 4, 5 In addition, outcomes were based on summary-level trial data, which cannot account for missing data at the individual level and may lack up-to-date follow-up information. 15 As such, the significance of this harm signal requires replication in other populations to substantiate or alleviate the perceived safety risk.
Strengths and Limitations
In this study, we leveraged CMS beneficiary data to provide a real-world examination of survival following peripheral artery revascularization with drug-coated and non-drug-coated devices. The strengths of using these data include ICD-10-PCS claims codes specific for femoropopliteal artery revascularization and the availability of time-to-event mortality data, which allowed for the use of survival analysis methods. In addition, this analysis was sufficiently powered to examine important subgroups, in particular those with critical limb ischemia, who represented a minority of the patients who were included in the Katsanos et al meta-analysis. 1 The results of this analysis must also be considered in the context of the study design. Our analysis lacked the extended Log-rank P = .56
Displayed are the cumulative incidence curves for all-cause mortality after femoropopliteal artery revascularization, stratified by treatment with drug-coated devices (drug) vs non-drug-coated devices (nondrug) (A), drug-coated balloons (DCB) vs uncoated balloons (PTA) (B), and drug-eluting stents (DES) vs bare metal stents (BMS) (C).
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Displayed are the cumulative incidence curves for all-cause mortality after femoropopliteal artery revascularization among patients without critical limb ischemia, stratified by treatment with drug-coated devices (drug) vs non-drug-coated devices (nondrug) (A), drug-coated balloons (DCB) vs uncoated balloons (PTA) (B), and drug-eluting stents (DES) vs bare metal stents (BMS) (C).
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Association of Survival With Femoropopliteal Artery Revascularization With Drug-Coated Devices follow-up observed in the Katsanos et al meta-analysis 1 (through 5 years), and it is possible that the risks of drugcoated devices could become apparent over greater followup. Furthermore, this study was observational in design, and thus the treatment effect was nonrandomized. As such, we cannot account for treatment selection bias by operators or residual unmeasured confounding. A patient-level metaanalysis of randomized clinical trials with survival methods would be useful in overcoming these limitations and confirming our findings. In addition, our analysis was limited by the use of claims data. For instance, we were unable to report granular patient and procedure characteristics, such as the presence of multilevel peripheral artery disease or intervention and device brands, and claims codes could have been subject to misclassification. We also lacked data on revascularization procedures that were performed in the outpatient setting, which may partially account for the high proportion of patients with critical limb ischemia. Lastly, our analysis only included Medicare fee-for-service beneficiaries, and this population was older and had higher rates of comorbidities, including critical limb ischemia, compared with patients in the Katsanos et al meta-analysis. 1 The high rates of mortality observed in our study likely reflect these differences in patient characteristics. As our analysis could not differentiate cause-specific mortality, we were unable to account for the competing risk of death between cardiovascular and noncardiovascular causes or evaluate for associations between drug exposure and specific causes of death.
Conclusions
In this large nationwide analysis of CMS beneficiaries, we found no signal of increased all-cause mortality following femoropopliteal artery revascularization with drug-coated devices compared with non-drug-coated devices. Further review of patient-level trial data and real-world registries will be valuable in providing greater evidence of the safety of drug-coated devices used for peripheral artery revascularization.
